
UNCLASSIFIED 

AD 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION   ALEXANDRIA   VIRGINIA 

DOWHGRADED AT 3 TOAR INTERVALS: 
DECLASSIFIED ATTER 12 YEARS 

DOD DIR 520010 

UNCLASSIFIED 



THIS REPORT HAS BEEN DECLASSIFIED 
AND CLEARED FOR PUBLIC RELEASE. 

DISTRIBUTION A 
APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 



o_ 

LA 

| OFFICE OF HAVAJ, RESEARCH 

CO Task Contract N5ori -07822 

Project Designation Ho. HR-35^-096 

Technical Report Ho. 17 

CYCLIC : OLYOLEFIHS. XXVIII.    FUHCTIOHALLY SUBSTITUTED CYei^XBTATETRAEHES 

FROM ACDTYLEHIC ALCOHOLS. 

by 

Arthur C. Cope and Donald F. Rugen 

(Prepared for publication In the 
journal of the American Chemical Society) 

Massachusetts Institute of Technology 
Department of Chemistry 

Cambridge 39, !fcss. 

M«jch 93, 1953 



[Contribution from the Department of Chemistry, 
Massachusetts Institute of Technology] 

CYCLIC POLYOLKFUS. XXVUL FUBCTI ORALLY SUBSTITUTED CYCLOOCTATETRAniSS 

FROM ACBTYLSNIC ALCOHOLS 1 

(1) Supported in part by the Office of Raval Research under Contract 
B5ori-07322, Project Designation lffi-356-096. 

By Arthur C. Cope and Donald F. Rugen 

Received 

Cyelooctatetraenylmethyl alcohol (I) and p-cyclooctatetraenylethyl 

alcohol (III) have bean prepared by copolymerisation of acetylene with propergyl 

alcohol and 5-butyn-l-ol, respectiTely.    N, H-Dimethyl B-cyclooctatetraenyl- 

ethylamine (V) also has been prepared by copolymerisation.   The £-toluenesulfonate 

of the alcohol III has proved to be a useful Intermediate for the synthesis (by 

displacement reactions) of other cyclooctatetraene derivatives;, including the 

11,11 -dimethylamino compound V, the cyanide VII and the bromide X.    Reduction of the 

cyanide VII vlth lithium aluminum hydride yielded the primary amine VIII without 

reduction of nuclear double bonds, and basic hydrolysis of the cyanide yielded 

8-cyclooctatetraenylproplonic acid (IX).    The acid IX formed a crystalline salt 

vlth quinine, but could not be resolved through the salt under conditions that 

vere examined. 

Absorption bands present in the infrared spectra of a number 

of cyclooctatetraene derivatives have been noted that appear to be characteristic 
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of the sucleus and are useful for the identification cf such compounds. 

This paper reports an extension of the preparation of substituted 

cyclooctatetraeoes by copolymerisation of substituted acetylenes vith acetylene 

(2) A. C. Cope and H. G. Campbell, This Journal, 75, 3556 (1951); 
7V, 179 (1952). ~ 

n 
to the synthesis of cyclooctatetraene derivatives containing an alcoholic 

hydroxyl or dlmethylamino group attached to an alkyl side chain. These com- 

pounds were prepared by copolymerization of acetylenic alcohols and an, 

ocetylenic aoine vith acetylene. Other cyclooctatetraene derivatives vere 

prepared by utilising e-cyclooctatetraenylethyl alcohol as an intermediate. 

Ccpolyuerisations of the functionally substituted acetylenes 

vith acetylene were sonducted in dry tetrahydrofuran in the presence of 

nickel acetylacetonate catalyst and calcium carbide as a drying agent in a 

stirred autoclave at 85-95* with acetylene pressures cf 30D-15C p.s.i. The 

volatile products formed from such copolymerisations with propargyl alcohol 

and 3-butyn-l-ol were separated by steam distillation, and the crude 

alcohols (cycloSctatetraenylmethyl alcohol, I, and ?-cyclcoctatetraenylethyl 

alcohol, III) were isolated by fractionation of the organic portions of the 

distillates. The alcohols could not be separated completely from hydrocarbon 

impurities by distillation, but it was possible to purify them by chrom&tography 

on silica gel, from which they were eluted with pentane containing 1 to lo£ 

of ether, after elution of the hydrocarbons with pentane. The pure alcohols 

X and IH were obtained In 17 and 2hi yields, respectively. Both were yellow 
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liquiis vhlch formed crystalline 3,5-dinitrobensoates.    Quantitative hy u'ogena- 

ticns of the tvo alcohols in the presence of platinum resulted ix> tne 

absorption of 98.5^ of four molar equivalents of hydrogen and formed the 

colorless, saturated alcohols, cyclooctylmethyl alcohol (II), and g- 

cyclooctylethyl alcohol (IV).    Both II and IV vere characterited by prepara- 

tion of crystalline 3,5-dinitrcbentoetes.    The structures of these compound* 

vere proved by independent syntheses cf authentic samples of the saturated 

alcohols II and IV by treating cyclooctylmagnesium bromide vith formaldehyde 

and ethylene oxide, respectively. 

H, N-Dimethyl 3-cyclcoctatetraenyletaylamine (V) also vas 

prepared by ccpolymerisation, from acetylene and N,K-dimethyl J-butynlamine. 

i— R 

I, P « CHaOH 

III, a - CHaCHsOH 

V, R - CHsCH8N(CHs)8 

VI, R • CHaCHa0302C«H4CE,.i(-2) 

VII, R - CHaCHaCN 

VIII, R • CHaCHaCRalHa 

IX, R * CHsCHsCOOB 

X, R • CHsCHaEr 

XI, R - CSaCSaOCOCHs 

_   R 

1 ., K • CHaOH 

IV -  R » CHsCH8OH 



(5-Cyclooctatetraenyiethyl alcohol reacted with p_-toiueae- 

sulfcnyl chloride in pyridlne to form the g-toluenesulfonate VI in a yield of 

8o-90< (crude). This ester failed to crystallise from a number of solvents, 

and decomposed en attempted distillation at lev pressures. However, it could 

he used as an intermediate in displacement reactions without purification, 

in the same way that j-toluenesulfonates of acetylenlc alcohols hare been 

used recently.    Reaction of the p_-toiuenesulfonate (VI) with dimethylamine 

(3)  G. Egiinton and M. C. Whiting, J. Chen. Sac, 3650 (1950). 

yielded N,B-dimethyl g-cyclooctatetraenylethylamine (?) (kyf>).    This method of 

preparation of V is preferable tc the copolymerisatlon of if, H-dimethyl-3- 

butynylamine with acetylene. Reaction of the g-toluenesulfonste VI with 

calcium bromide in Methyl Cellosolre formed 8-cyclooctatetraenylethyl bromide 

(X), which also was prepared from the alcohol III aad phosphorus trlbromide 

in the presence of pyridlne. The bromide x obtained by both routes was 

slightly impure because of partial dehydrobromlnation that occurred during 

distillation, but it was used in ac alternate synthesis of the amine V 

(reaction with dimethylamine). 

The reaction of the jg-tolue&ssuifonete VI with potassium 

cyanide In aqueous ethanol yielded 6-cyclooctatetreanylethyl cyanide (VII) 

(73£). Redaction of this yellow liquid nltrile with lithium aluminum hydride 

in ether yielded  'Y-cyelooctatetraenylpropylaiBine (VIII) (56$)* a yellow 

liquid that was sharsc taxi ted as the plcrate and the hydrochloride. 

SapoalficatloB of the sit?ile VII yielded the yellow, crystalline P-cyelooctatetraenyl- 

- 



propionic acid (IX) (77$). The acid IX formed a crystallise salt with quinine, 

but the acid regenerated .from the salt after recryrtallisation to constant melting 

point and rotation was optically inactive. Other attempts to resolve mono- 

substituted cyclooctatetra&ncB also have been unsuccessful. 

(k)   A. C. Cope and M. H. Klnter, This Journal, ]£, 3k2k  (1951)} 
A. C. Cope, M. Burg and S. V. Fenton, ibid., Tk,  173 (1958). 

P-Cyclooctatetraenylethyl acetate (XI), a fragrant, yellow 

liquid, was prepared in 91$ yield from the alcohol III and acetic anhydride. 

5 
Spectra and Structure 

(5) We are indebted to Dr. R. C. Lord for discussions of the infrared 
spectra. 

The infrared spectra of the cyclooctatetraene derivatives I, 

111, V, VII, VIII, IX and XI are reproduced in Pigs. 2, 3 and if. Examination of 

these spectra and the spectra of other aonosuhstltuted cyclooctatetraenes reported 

previously (ref. 2 and preceding papers in this series) shovs that characteristic 

absorption bends can be assigned to such compounds. The infrared spectrum 

of cyclooctatetraene Itself has been discussed in detail by Lippincott, Lord 

and McDonald;   Comparison of the principal absorption bands of eyclooctetstraene 

(6) E. r<. Lippincott, P. C. Lord end R. S. McDonald, This Journal, 73, 
3370 (1951). — 

and aonosubstltuted cyclooctatetraenes shovs certain differences. The principal 

absorption bands (and their probable origins) that are present in the spectra 

of all aonoeubstltuted cyclooctatetraenes examined to date are the following: 
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3.33M- (strong) (C-H stretching)! 6.1-6.15/*. (medium) (double bond In a cyclooctate- 

traene ring), 8.20-8.33>v. (doublet, veak) (C-H bending); 11.5-11.6>c(aediua) 

(ring expansion); 12.3-12.5>u(strong) and 12.8-13.0/*.(medium) (doublet 

associated with ring distortion vibrations; l4.25-l4.55>*. (strong) (C-H bend- 

ing); 1>.0-15.25 (medium) (C-H bending). 

M 
The ultraviolet absorption spectra of cyclcoctatetraene and its 

derivatives that do not contain a chrcmophore in conjugation vith the nuclear 

double bends (such as the alcohols I and III, Fig. 1) alec are characteristic. 

Theyshov veak absorption (log £. lessthan 2.8) extending from the visible tc 

about 230 mjjt,  vkere strong absorption begins. Other highly unsaturated 

compounds such as conjugated cyclic and acyclic trienes and acyclic tetraenes 

have distinct maxima in the ultraviolet at longer wave lengths, on the other 

hand, the veak visible absorption of cyclcoctatetraene derivatives gives rise 

to a characteristic yellov color. A combination of the infrared absorption 

bands noted above, characteristic ultraviolet spectrum and yellov color vith 

chemical evidence now can be used vith considerable certainty tc establish 

the structure of a nev cyclcoctatetraene derivative- The nost pertinent cheaical 

evidence is quantitative catalytic reduction vith the absorption of four 

molar equivalents of hydrogen by the four nuclear double bonds. Other chemical 

characteristics that have been explored less thoroughly but have been useful 

in characterising certain cyclcoctatetraene derivatives have been partial 

reduction vith absorption of three solar equivalents of hydrogen in the 

presence of palladium en calcium carbonate forcing cyclooctene derivatives; 

formation of silver nitrate complexes, or s-lubility in aqueous silver nitrate; 

formation of maleic anhydride adducts vith disappearance of two of the nuclear 

double bonds (due to bridging as veil as addition). 



-7- 

Experimeutal 

(7) Melting points are corrected and boiling points are unconnected. 
Ve are Indebted to Dr. S. M. Nagy and his associates for 
analyses, and for the Infrared spectra, which were determined with 
a Baird Double Beam Infrared Recording Spectrometer, Model B, 
fitted with a sodium chloride prism. 

Copolymerltation and Purification Procedures. -  The co- 

2 
polymerisation procedure described previously  was followed, after vhlch 

the mixture was steam distilled until k  1. of distillate collected to separate 

volatile products. The organic layer was separated from the distillate, and 

the aqueous layer was extracted several times with bensene. The combined 

organic layer and extracts were distilled through a packed column under 

reduced pressure to separate tetrahydrofuran, bensene and cyclooctatetraene, 

6 
and the residue was fractionated through a seaimicro column   at about 1 mm. 

(8) C. V. Gould, Jr., G. Holsman and C. Nletnann, Anal. Cham., 20, 
361 (19U8). -— 

The crude copolymerisatlon products, containing hydrocarbons with similar 

boiling pciate as impurities, were dissolved in pentane and passed through 

a 100 x 2.1-cm. column of 28 to 200 mesh silica gel (Davlson Chemical Corpora- 

tion). The functionally substituted cyclooctatetraenes were adsorbed}  while 

the hydrocarbons passed through with the solvent and were removed by washing 

with pentane. The substituted cyclooctatetraenes were eluted with 1-10$ 

solutions of ether in pentane, and were isolated by concentration and 

fractional distillation. 

•> . ' -  -  - 
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Cyclooctatetraenylnethyl Alcuhul (I).  -     CopolyimtrlaMti^ or 

*s«tjfl©B§ «ith So g» of prcpargyl alcohol (General Aniline *sa Filit C^Tj..., 

redistilled, b.p. *5-U8s at 32 vm.p rjj.      1.U-S9C-) by the general procedure 
2 

previously described     resulted in absorption of 950 p.s.i. of acetylene. 
An 

Dietillation yielded 9.9 g. (21*) of crude I, b.p. 66-72" (0.5 "••), % 

1.5602-1.5620. The alcohol w»e chromatographed by the procedure described 

above, end eluted vith 3 1* of ether-pentane (1:9)• Concentration of the 
8 

effluent and distillation of the residue through a semimicro column  yielded 

8.1 g. (17*) of pure I as a yellow liquid, b.p. 65-66* (0.12 na.), t^   I.5612, 

dj5 1.0*73. 

Anal. Colcd. for C9H100'- C, 80.56; Hf7.51- Pound: 

C, 8o.63j H, 7.66. # 

Cyclooctatetraenylmsthyl -3,5 -Dinitrobentoatc was prepared 

by heating 0.25 g. of I and 0.35 g. of 3,5-diaitrobenxoyl chloride on a steam 

bath for 1 ainute.    The product vas dissolved in 10 ml. of hexane and 

cooled, and the yellow crystalline ester that separated was recrystalllsed 

to constant •siting point fros hexasei yield Qcl*3 g*  (73*)* ®=p= 69-69=8*= 

Anal.   Calcd. for CieEI8le0a:   C, 53.5*f H, 3.69/ I« 8.5*. 

Found:    C, 58.32/ H, 3.78» H, 8.73. 

Cyclooctylaethyl Alcohol (II)   was obtained by hydrogenation 

of a solution.of o.ll g. of I in 10 ml. of 95* ethanol in the presence of 0.05 

g. of pre-reduced platinun oxide.    Hydrogen absorption stepped after uptake 

of 98.5* of * molar equivalents in 3 hours.    Separation of the catalyst and 

distillation yielded 0.11 g. of n, b.p. 66-68* (0.15 m.), n*5 l.*8l0, djp    0.9*26. 



Anal. Calcd. for C9H1S0: C, 76.00; H, 12.75. Found: 

C, 76.28| B, 12.82. 

Cyclooctylmethyl-3,§-Dinltroberaoatc vas prepared by heating 

0.20 g. of II and 0.2? g. of 3,5-dinitrcbenxcyl chloride on a steam bath for 

1 hour, and purified by recrystallisation from hexanej yield 0.33 g> (69^), 

m.p. 68.6-69.7°. 

Anal.    Calcd. for CieHaoH20«:    C, 57.13j H, 5.99j H, 8,33. 

Pound:    C, 57.21> H, 6.o6j H, 8.37. 

An authentic sample of cyelooctylaethyl alcohol vas prepared 

in poor (15$) yield from cyclooctylnagneelum bromide and formaldehyde. 

The authentic sample had the same physical constants (b.p. 67-68* at 

0.20 mm., nj>   i.fcSlo) as II obtained from I by hydrogenation, and formed 

an identical 3,5-dinitrobenzoate (m.p. and mixed m.p. 68.5-69.6*). 

p-Cyclooctatetraenylethyl Alcohol (III). -     Cop^lymerisation 

of acetylene vith 15 g. of 3-butyn-l-cl (Farchan Research Laboratories, 

redlstlllsd) by the procedure previously described resulted In absorption 

of 1200 p.s.i. of acetylene and an increase in weight of 178 g. In U hours 

at 80-95*.    Distillation yielded 69 g.  of cyclcoctatetraene and 12 g.  of 

crude HI, b.p. 63-75* (0.55 mm.).   The product vas chromatographed on silica 

gel by the procedure described above, and eluted vlth 5 1. of pentane con- 

taining 2*t ether.    Concentration of the effluent and fractionation of the 
25 

residue yielded 8.1 g. (2ki) of III, b.p. 75-78" (0.22 mm.), iv,   1.5^*8-1.51*80. 
25 25 

A redistilled analytical sample had b.p. 77-78* (0.2 mm.), n^ l.^kdo, d^   1.0213. 

Anal.    Calcd. for C^H^O:    C, 8l.0^j H, 8.17-    Found: 

C, Sl.lCi H,  8.39. 
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purification of the alcohol III also vss effected by dissolving 

it In concentrated phosphoric acid, extractlag the solution severe! times 

vlth ether (extracts vere discarded), and neutralising with 10^ sodium 

hydroxide, vlth cooling.    Extraction vlth ether and distillation yielded pure 

III, but about half of the material was lost by polymerisation during the acid 

treatment.    Fairly pure samples of III ale   vere obtained by extracting the 

crude alechel vlth 204 (by veight) aqueous silver nitrate, and regenerating 

the alcohol from the aqueous solution containing III as a silver nitrate 

complex by treatment vith an excess cf concentrated ammonium hydroxide. 

8-Cyclcoctatetraeaylethyl-3,5-Dinltrcbenmate vas obtained by 

adding 1.1 g.  of 3.5-dinitrobenaoyl chloride to a solution of 0.75 g.  of III 

in 2 ml. of hexane, and heating en a steam bath for 2 minutes.    On cooling 

the mixture overnight 0.91 g.  (55*) of the ester separated as yellov crystals. 

Tvc recrystallisatlons from a mixture of ethane 1 and water gave an analytical 

sample vlth a constant melting point of 67-67,8*. 

Anal.    Calcd.  for Cx-rHnNgQe:    C, 59.65} H, 4.12s  w, 8.19. 

Found:    C, 59*95* H, 4.27} H, 8.13. 

P-Cyclooctylethyl alcohol (IV) vas obtained by hydrogensting 

a solution of 0.11 g.  of III In 5 ml.  of 954 ethanol In the presence of 0.05 g. 

of pre-reduced platinum oxide catalyst.    After 2.5 hours 98.5* of four molar 

equivalents of hydrogen had been absorbed, and the reduction stopped.    Removal 

f the catalyst and distillation yielded 0.098 g.  cf IV as a colorless liquid, 
•per *•>**. 

b.p. 78-79-  (0.2 mm.), r^     1.4825, d^      0.9360. 

W*%s%KSS,« 
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Anal.    Calcd.  for Ci»HaoOi    C,  76.06} H, 12.90. 

Pound:    C,  77.15; H, 1J.06. 

P-Cyclooctylethyl 3,5-DinitrobeMoate vat prepared by heating 

0.15 g. of IV and 0.20 g. of 3,5-dinitrobenscyl chloride in 5 ml* cf hezane 

on a steam bath for 1 minute. Cooling in ice followed by tvo crystallisa- 

tions from petroleum ether of the light yellow crystals that formed yielded 

0.19 g. (5W) of the ester, m.p. U6.5-VT.9*. 

Anal. Calcd. for CxTHj«Na0e: c, 58.27; H, 6.33; N, 8.02. 

Found: C, 58.cAj H, 6.1*3; N, 8.17. 

An authentic sample of the alcohol IV was prepared in 26$ 

yield by heating cyclooctylmagnesium bromide with an excess of ethylene 

oxide in a mixture of ether and bensene at 65s for 1 hour. The authentic 

25 
sample had b.p. 77.5-78.5* (0.2 on.) iu  1.U821, and an infrared spectrum 

that was identical within the limits of experimental error with IV prepared 

by reduction of III. The 3,5-dinitrobennoate of the authentic sample of IV 

melted at 1*6.2-1*7.5* and was identical with the corresponding derivative of 

IV prepared from III (mixed m.p.). 

h-Chloro-1-butyne. - A solution of 60 g. of thionyl chloride 

in Uo ml. of dry chloroform was added with stirring over a 2 hour period to 

a mixture of 28 g. of 3-butyn-l-ol, 15 g. of pyridine and Uo ml. of chloroform. 

The mixture was cooled in ice during the addition, and stirred at room tem- 

perature for 12 hours. The mixture was washed twice with water, once with 

5$ sodium bicarbonate solution, and dried over sodium sulfate. After removal 

of the chloroform under reduced pressure, distillation of the residue yielded 



-12- 

20o6 g. of crude U-chloro-1-butyne. b.p.  75-85°.    On redistillation lk.2 g. 

(Wo^) of the analytically pure chloride vat obtained, with physical 

properties (b.p. 8k-&j*, n^     1.1*376) corresponding to those reported recently 

for U-chloro-1-butyne prepared from 3-butyn-l-yl p-tclueneeulfoa&t,e and 

lithium chloride (ref. 3, p. 3654). 

H, K-Dimethyl 3-butynylamine.   -      A mixture of 25 g.  of it- 

chier o-l-but yne and 1S0 g. of ?5<£- aqueous cliESthylamiae vas stirred at room 

temperature for 3 days.    The mixture vas made strongly basic with lOjl sodium 

hydroxide solution and extracted several times with ether.    The extracts vere 

dried over sodium sulfate, and the ether vas removed through a packed 

column.    Distillation of the residue yielded 18.3 g.  of crude N, N-dimethyl 

3-butynylamine, b.p. 89-106", and redistillation gave 12.2 g.  (k^L) of 

the pure amine, b.p. I0U-I06*, n^5    l.U29^, df5 0.8111. 

Anal.    Calcd. for CeHuR:    C,  7%.l6j H> H.^5, N,  lU.»*2=    Found: 

C, 73.88; H, U.*9> N, lfc.31. 

N, N-Dimethyl g-Cyclooctatetraenylethylamlne (V). -  (a). 

In the preferred preparation of V, a solution of 3.0 g. of 6-cyclooctatetraenyl- 

ethyl 2-tcluenesulfonate (VI, described below) in 15 ml. of benzene vas 

saturated vith gaseous dlmethylamlne. The mixture vas allowed to stand 

overnight, and after washing vith voter was concentrated under reduced 

pressure. The residue vas distilled at ,55° (0.2 mm.), and a solution of the 

distillate lu ether vas extracted vith excess 6 H hydrochloric acid. The 

acid solution vas treated vith excess sodium bicarbonate solution, and the 

amlne V vas extracted vith ether. The extracts vere dried over sodium sulfate, 
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concentrated, and the residue was distilled through a semimicro column, 
2* 25 

yielding 0.9k g.   (55*) of V, b.p. 59*  (0.28 mm.), ^    1.5198, d^      0.9186. 

Anal.    Calcd. for CiaHiTN:    C, 82.25; a, 9-78; H, 7.99- 

Found:    C, 82.47; H, 9-73; N, 7.86/ 

N, N-Dimethyl g-CYclooctatetraenylethylamlne Picrate was 

prepared by adding an ethereal solution of picric acid tc a solution of V in 

ether, and recrystaUlzed from 95* ethanol to a constant melting point of 

U8.0-11Q.5*. 

Anal. Calcd. for C18HaoN407: C, 53-46; H, 4.98; N, 13-86. 

Fcund: C, 53-57; H, 4.99; N, 13.31. 

Hj H-Dimethyl g-Cyclooctatetraenylethylamiae Hydrochlorlde was 

prepared by passing dry hydrogen chloride through a solution of L.63 g. 

of V in 10 ml.  of dry ether.    The crystalline hydrcchloride wae recrystalllzed 

twice tc a constant m.p. of 179-6-l8o.6° from methanol-ether; yield 0.62 g. 

(82)6). 

Anal.    Calcd. for CiaE18NCl:    C, 68.07; H, 3.57; N, 6,62, 

Found:    C, 68.02; H,  8.72} R, 6.50. 

(b)    Copolymerization cf 10.7 g.  of N^N-dimethyl 3-butynylamina 
2 

with acetylene by the general procedure described previously     resulted In 

absorption cf 800 p.s.i. of acetylene.    The reaction mixture was centrifuged 

tc remove solids and the clear liquid obtained was distilled under reduced 

pressure through a packed column to remove tetrahydrofuran and benzene.    The 

residue was extracted with y{ hydrochloric acid; distillation of the neutral 

fraction yielded 30 g. of cycloSctatetraene.    The acidic extracts were made 
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basic vitb lojl sodium hydroxide and extracted with ether. After removal 

of the ether, distillation of the residue through a semimicro column yielded 

1.5 g. (%)  of V vith physical properties corresponding closely to the 

properties of V described under (a) above. The plcrate of V prepared by 

copolymerization vas analytically pure, and had m.p. and mixed m.p. v'th the 

picrate of V described under (a) of 117.5-118.5*. 

g-CycloSctatetraenylethyl-p-toluenesulfonate (VI). -   A 

mixture of 1U.5 g. of j-toluenesulfonyl chloride and 5.U g. of pyridine vas 

added to lo.o g. of the alcohol MI, vith cooling. Heat vas evolved, and 

in a fev minutes separation of crystalline pyridine hydrochlorlde began. 

After the mixture stood at room temperature for 12 hours, it vas added to 

150 ml. of io£ hydrochloric acid and extracted vith ether several times. 

The extracts were dried over magnesium sulfate, concentrated, and the residue 

vas evacuated at 0.2 mm. at room temperature for 15 minutes to complete 

removal of the solvent. The liquid residue of VI amounted to 20.2 g. (92*t); 

it failed tc crystallise, and vas used as as intermediate vlthout further 

purification. 

ft-Cyclooctatetraenylethyl Cyanide (VII). -  A solution of 

20.0 g. of the jg-toluenesulfonate VI and 7.3 g. of potassium cyanide in 50 ml. 

of 90fJ ethanol vas heated under reflux for lV hours. After cooling, 100 ml. 

of vater vas added and the mixture vas extracted vith ether several times. 

The extracts were dried over magnesium sulfate, concentrated, and the residue 

vas distilled through a sesimlcro column, yielding 8.3 g. (78$) of VII, 
Ac 

b.p. 55-65* (0.25 ma.), OQ     1.537^-1.5585. A redistilled analytical sample 
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25        25 
had b.p. 62-63* (0.25 nan.), t^     1.5378, d^ 0.9853= 

Anal. Calcd, for CUHUN: C, 8U.0U; H, 7.05| H, 8.91. 

Found: C, 8U.o6j E, 7-11; N, 8.6l. 

1r -Cyclooctatetraenylpr opylamlnc (VIII). -   A solution of 

2.0 g. of the nit rile vli in 15 ml. of dry ether «w added slowly with stirring 

to 0.U8 g. of lithium aluminum hydride in an atmosphere of nitrogen. The 

mixture was heated under reflux for 1 hour, cooled, and a small amount of 

vater was added cautiously, followed by 35 ml. of loi hydrochloric acid. 

The mixture was extracted with ether (extracts discarded), and then made 

basic with 10?t sodium hydroxide. The amlne VIII was extracted with ether, 

and the extracts were dried over magnesium sulfate and concentrated by 

distillation through a packed column. Two fractionations of the residue 

through a semimicrc column yielded 1.15 g. (56£) of VIII, b.p. 68-68.5° 

(0.1mm.), njp 1.5*11, dj5 0.9613. 

Anal. Calcd. for CiiHxsN: C, 81.93; H, 9.38. Found: 

C, 82,01; H, 9.51= 

1 -Cyelcoctatetraenylpropylamine Picrate was obtained as 

yellow crystals by adding VIII to a saturated solution of picric acid in 

ethanoi, and purified to a constant melting point of 166-167.50 by recry- 

staUlsation from ethanoi and water. 

Anal. Calcd. for C1THieN40T: C, 52.31; H, *.65; H, 1*.35. 

Found: C, 52.30; H, *.93j N, 1*.08. 

'V-Cyelooctatetraenylpropylamine Hydrochlorlde was prepared 

by passing hydrogen chloride through a solution of VIII in dry ether. The 
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solid hydrochloride w*s recrystalliged twice from methancl-ether to a constant 

melting point of 153.3~15J*.2°; yield 0.65 g. (5%$). 

Anal. Caled. for CnHieClN: C, 66,82; H, 8.l6j N, 7.09. 

Found: C, 66.57; H, 8.15; N, 7-<*. 

g-Cyclo'octatetraenylpropionlc Acid (IX). - The nitrile VII 

(2.0 g.) was added to a solution of 2.0 g. of sodium hydroxide in 50 ml. cf 

water, and the mixture was heated under reflux for k  hours, during which time 

it became homogeneous. After cooling, the solution was extracted with ether 

(extracts discarded), made strongly acidic with 10$ hydrochloric acid, and 

extracted several times with ether. The liquid residue obtained on concentra- 

tion of the extracts solidified as light yellow crystals (2.01 g., 90$). 

Three crystallizations from hexane yielded 1.7 g. (77$) of the pure acid IX, 

m.p. 59.2-6o°. 

Anal. Calcd. for Cxi^isOs:    C, 7^.97; H, 6.87. Found: 

C, 7^.98; H, 6.98. 

The Quinine 3alt of g-Cyclooctatstragsylpropionic Acid was 

prepared by adding a solution of 0.5 g. of the acid IX in 5 nl. of dry ether 

to a solution of I.06 g.  of quinine hydrate in 200 ml. of ether.    The solu- 

tion was concentrated to a volume of 50 ml. and cooled overnight at 5°. 

The yellow crystals that formed were recrystallized three times from ether 

without change in melting point or rotation* m.p. 119.6-120.6',  [o*. ]^     123.1* 

(1. » 2, co.83 in 95$ ethanol). 

Anal.   Calcd. for CaxSse^Ot:   C, 7^.37; H, 7.25; N, 5.60. 

Found:    C,  T^.21; H,  7.25; N, 5.70. 
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Treatment of the quinine salt with l£ hydrochloric acid 

followed by extraction with ether yielded the pure acid IX, which was optically 

inactive. 

P-Cyclooctatetraenylethyl Bromide (x). -  The £-toluenesulfonate 

VI (1^.4 g.) was allowed to react with 9*1* g. of anhydrous calcium bromide in 

25 ml. of Methyi Cellosolve at 50* for 15 minutes. The mixture was cooled, 

added to 200 ml. of ether, and the calcium £-tcluenesulfonate was separated 

by filtration (8.8 g., 96$). The filtrate was washed with water to remove 

Methyl Cellosolve, dried ever magnesium sulfate, and distilled. The yield of 

25 
the crude bromide X was 7.1 g. (72$), b.p. 61-67° (0.12 mm.), Ep I.5580-I.5650. 

The product was chromatcgraphed on silica gel to separate oxygen-containing 

impurities and refractionated several times, but pure X was not obtained, 

apparently because of some elimination of hydrogen bromide during the purifica- 

tion process. Fairly pure X obtained by this procedure had b.p. 65-67* 

(0.13 mm.), nj5 I.5686, df5 1.2550. 

Anal. Calcd. for C10Hn.Br: C, 56.89j H, 5.25. Found: 

C, 57.80i H, 5.fc7. 

A similar slightly Impure sample of X was obtained from 

reaction of the alcohol HI with phosphorous tribromide in hexane, in the presence 

of pyridine. Reaction of the bromide X with dimethylamine yielded the 

tertiary amlne V, which was obtained more easily from the £-toluenesulfonate 

VI. 

p-Cyclooctatetraenylethyl Acetate (Xl). -  A mixture of 5.0 g. 

of the alcohol III and U.l g. of acetic anhydride was heated on a steam bath for 
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20 minutes, cooled, and Added to 100 ml. of water. The product was extracted 

with several portlone of benzene, which were dried over magnesium sulfate and 

concentrated. Distillation of the residue yielded 3.5 g. (91^) of the acetate 

25       25 
XI as a fragrant, yellow liquid, b.p. 81-82* (0.15 mm.), Op 1.5150, d^ 1.0S&Q. 

Aaal.    Calcd. for Cj,aKi40a:    C, 75.76} K, T.^.    Found: 

C, 75-56; H, 7.58. 
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Fig. 1. - Ultraviolet absorption spectra: curve 1, cyelooctate- 
traenyloethyl alcohol (l)j curve 2, 0-cyclooctatetraenylethyl 
alcohol (Hi), both In cyclohexane, determined with a Cary 
Ultraviolet Recording Spectrophotometer, Model U MS. 
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Fig. r\  -   Infrared tto*\&pii.on ffpactl*:    erstv» If e/ycl^c^ttfteT/rneiylsmfcyl aic:*v.l 
(I)j «uav» 2, ;t'K^lr-?ietat«tTai!Kjyl«thyl ale• h-.il (III)} curve .'?, cyclo5ctylaotUyi 
ale ';:i <xl)j c'irra *, p.«e.ycl.;?«<;yl*th.,.*l aJLcV.l (TV), all a* pswe liquids la 
aa   . >> -r.. .-ell. 
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